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Nomogram for predicting high-risk thyroid nodules based on
multimodal metabolic and blood markers combined with
ultrasound characteristics*®

Zheng Su-min', Li Hong', Qian Hao®
(1. Health Management Center, Huai'an First People's Hospital, Huai'an, Jiangsu 223300, China;
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Abstract: Objective To investigate the value of multimodal metabolic and blood biomarkers combined with
thyroid ultrasound characteristics in distinguishing benign low-risk from high-risk thyroid nodules, and to construct a
risk prediction nomogram model for high-risk nodules. Methods A total of 8§ 141 patients with thyroid nodules
detected at the Health Management Center of Huai'an First People's Hospital from May 2024 to April 2025 were
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enrolled. According to the Thyroid Imaging Reporting and Data System (TI-RADS) classification criteria, category 4
nodules (4a, 4b, and 4c) were defined as the high-risk group (n = 111), while categories 1-3 nodules were defined as
the low-risk group (n = 8 030). Differences in levels of multimodal metabolic and blood markers and ultrasound
characteristics of thyroid nodules were compared between the groups. Independent risk factors for high-risk nodules
were analyzed using a multivariable logistic regression model, and a nomogram along with a calibration curve was
constructed to predict the occurrence of high-risk thyroid nodules. Results The high-risk group exhibited higher
age and levels of TSH and LDL-C (P < 0.05), while FT4 levels were lower in the high-risk group than in the low-
risk group (P < 0.05). The low-risk group had higher proportions of nodules with grades 0 and I blood flow, clear
margins, and regular morphology (P < 0.05), alongside lower rates of nodules with calcification and internal
hypoechogenicity compared to the high-risk group (P < 0.05). Multivariable logistic regression analysis revealed that
advanced age [OAR =1.036 (95% CI: 1.011, 1.061) ], elevated TSH levels [OAR =1.058 (95% CI: 1.017, 1.100) ], high
LDL-C levels [OAR =1.644 (95% CI: 1.065, 2.537) ], calcification [OAR =12.767 (95% CI: 6.583, 24.762) ], grade I~
III blood flow [OAR = 10.351 (95% CI: 5.347, 20.038) ], and internal hypoechogenicity [OAR = 17.075 (95% CI:
8.343, 34.943) ] were risk factors for high-risk thyroid nodules (P < 0.05). Conversely, elevated FT4 levels [OAR =
0.826 (95% CI: 0.700, 0.973) ], well-defined borders [OAR =0.046 (95% CI: 0.023, 0.091) ], and regular morphology
[OAR = 0.019 (95% CI: 0.009, 0.039) ] were protective factors against high-risk thyroid nodules (P < 0.05). A
nomogram model for predicting high-risk thyroid nodules was constructed. Conclusion The nomogram model,
constructed based on multimodal metabolic and blood biomarkers and thyroid ultrasound characteristics, effectively
distinguishes between high-risk and low-risk thyroid nodules, providing a quantitative tool for clinical decision-
making.

Keywords: thyroid nodule; metabolic markers; ultrasound features; nomogram; high-risk nodule prediction
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ZIX A 2.727 2.420 0.659 0.058 1.013 2257
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LDL-C 0.497 0.221 5.043 0.025 1.644 1.065 2,537
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- 107 -



FpIE AR ek

4736 &

24 J&KEHEBENIE

Logistic [0l U9 70 #r, i Fil R {4 g 2 2] 46 &I 468 28 I

HFREFRREGEETMEZHNE K KE#MZ W1, 2,

) 0 10 20 30 40 50 60 70 80 90 100
(&3 L . | | . | | . ) ) )
AR 10 30 50 70 90
TSH 010 30 50 70 90 110
FT4 100 90 80 70 60 50 40 30 20 10 0
LDL=C 0123456
AL —
. . Mm%
WA }
nw
= A~
JEASHEI) IE'I—"_I
- fig el
s [l -
WHRES o e S
By 0 20 40 60 80 100 120 140 160 180 200 220
R 0.01 0.10 0.50 0.90 0.99
1 SESREH-MEREVEBESBEREESHITHMESEETXRII&E
1.0 ZHOP AR R AR IS A . i BN T S
T 25 2 0 A8 U] Sz e Y e oA B T VG AR L AR,
08| FUMAL S AR bR IR 12 WA RE B I B )RBR, 20% ~
30% AN SR 45 5 3 DL i H OO B L Y, T AR
5 067 K, DA AT R IR R IR W R AR T R R
= %, ZHANG ZEUNE SEAR AR i 0 B & 2 A5 A R 1
= gal CIRTE 2= RN B VI S PN R S| B SO N O
%4 BT BRI Zh RE (TSH. FT4) . M g 14 i)
o2k e (LDL-C . FBG) %I 38 br 5 48 75 FRAE (540 1%
f%g% B, MRS . IS ) P I 2 A 1
00k ‘ | ‘ L W BT E, BE#E L E IR
0.0 02 0.4 m;6 0.8 1.0 = e PN 50 = 2 N S| 4197 RPN 8 £ TR 1 7L
FAESR X
) e 226 S 30 F IR I 235 5 OOk VAL 4
B2 5L E TR B E 2 BEESILIRIRES B ORI P A
FHOLR R 25 1 435 717 A9 I PR 4R 11 52 B 8 I & 9 4F
3 +tig WA 22 5 . SR WAL, mfassy

PR 235 715 1) B 0 P S 31 2 I TR 92 97 I o 2
Peik, HokAE . BRI A AR E g fE A4y
TFHLHI, DR, HR MR 40 38 i Warburg
R0 A R I A, ) B K S R T A O B L
T A2 DR 5 1) BB R T OR X AR AR AR A T 7E
I TSH . FT4 55 HAR MR DI AE 48 45 . LDL-C 55 1l i

BEFR TR, Xl AE S MR kA . R IE TR
Y SR BR M e PR 5 8 D 3R WL 38t A% 1A Y I ] A4 A
PR AR DT T, e A 4R B TSH K
- T A FT4 KPR AR A R A A, b FFER R
IREZE TP T i — 3 A% — FHCBR R il B 5 9 7
W, T RE T R 4 S BRI IR A0 R O
o R AR OER BT R S e AT T Rl BRI e

- 108 -



H2H

IR, 55 RS- SIS TR A AR AL i s XU T 311 4

4571 HE LDL-C /K- 3 Fh v, S e 1 Jiev 62 240
85 gk e v G R P A B TR A3 0 SR B, X
Tofr A 83 o 2 A B2 Sy i JRE 0 B A5 B AN e
PR E G Y TSR .k e AR S H0n A S
SRR w3 A1 A 45 1 1 2 o B A T o 0 S G S AR B
M FEREAE R E ,  FAR MR = A 45 0 e 30 o L 7Y 1y
AR WAE . 54k & A 2 3 T 5 AT BE 5 i 4
SURBE RS R AR TE AR OG5 358 09 10 15 5 e ik
TR oA A AT BRAR A s SRR AR SR
U0 BT S0 A e e 9 M K A S
7T A8 IR 4 AU Tl 75 28 T 8 5 M 98 400 i HE 5] 2
Ko 1] 5T A% 43 Bb ) AR S B R R R AR A
KU HAR B, S5 A2 R MR A R
£ 5 S v e 2 000 (B, 3B I PR DT A N B i
TS5 0 TR RR AR T AR SO RRAE . X R
I 1) 2 A 55 5K kg FRODR R 235 4 1 R i XU T £ 4 it
T AR BB S A

A 5% 3T 22 R 2 — it Logistic [7113 4387, 44
A FRODR R 5 e 45 71 XU B T 000 A 7R Ay S S R ) A
T, AIEAERY . TSH. LDL-C 25045 A% M 45 1k 1
B LI S R S R AE o X LB FE AR DA [ A
FWE T FOIR BR RS 4G T 0 e AR R AE . AT S 4
K5 iR & A ) B RN A M TSH T A
FT4 B A HE 7R FOIR R T BE o 4 S 0205 LDL-C K
ST R R B R A0 A A e AR g AR A
A T 5 I 3T A R R AE U] R R T A P
(18 XL A5 £ SR 285 ) AR R PR 31 e LA AR 1)
RO E R ZARIAE 3T : 58, e TR
REAE b5 AL S AR 1E, B T X HOR R = fE 251
DS B 4 AL s Rk, R BRI R
DUMRACE , Ay I PR B A 3 A T & 0 A KU 43 )2 T
H, HAR T A BB ZE %52k &5,
RL g 10 A o P RE A O T 45 SR B AT R, PR A
RALS 7 Ui, WE BB Ik A K fE 25 97 10 3 IR T
BB S RS L R T
FHR BRSO EE R TEE TR, A
B TARARIG PRIZ YT B8 AR Rl s

ZE LTI, AT ST AL Y 2 1S T A R
A AR - I bR S BRI SE ERRRIE, A
RO RHET A . |8, Prik i =4 iny
AR IR H T A T AL T R IR,

L0 2 A 6 UE B AT AT RE TN R RE AT A B i R
P IR, WRIEAE A TR BRE . REA A
AR, HoyFoe [ BT, wRE R i 45 2R Ah
s RINAGD TAREYSFH A6 s, BIIALRE
ARt — L 52 T NBERRAEAR RS B — B2 XA
) b Js . O NHE R IE o AR BT S BT RAEA
WP AT Z HD AT RS PESRAIE,  [R)I RES JE IR 2 o
B 2 A B e s RRA TR
REEC AR B 1 A Sk 7T R GE 5 JF R KM Bl U5 3
il R TR T e PR 45 Jmd 0 ek 3 A, DA Bl IR R &%
RGBT IS TR R B

2 % X W

[1] A, EA6 . RIS M FGF-19 KLF4 K0 HUR AR 45
W RGPEIS R D], BUEREE 27 B A4z, 2025, 20(3): 411-415.

[2] BRFEIE, 80, OB, 55 . SRS 2T C-TIRADS4 284
EF2F T AR A TBSRTC IIZE HUIRARES 15 AL thaess
RIEE, 2025, 23(3): 464-467.

[3] W3, 5 SO0, FE. HRAR T RETCHERE B35 M A . ik
MELHR FKCF B S AR AR ACT AR DGR, KB e
A, 2024, 21(15): 2168-2171.

[4] fATEEMR, W%, FLe, 45 1 073 6 A AHER R 5k 5 HDIR
MREETT A SEPERIF ST [J]. B KB, 2023, 52(13): 1959-1963.

[5] hHREESAS NP2, ThARR 2 ARl o 2 AR IR S AR
BRSO b Sk SR Ll 2R 52y, AR HUIRARES
AR FUR B IR A8 R (G R[], TR 2B 2
7, 2023, 39(3): 181-226.

[6] JHJa e, XIE M, SRR, 45 . IR0 BE BRI & B MR 7
FAR R R AR 2575 M08 I i O A0 (L [0]. R 3L IR AR, 2025,
16(5): 136-142.

[71 MARTINEZ-CUAZITL A, MATA-MIRANDA M M,
HERNANDEZ-ABARCA E, et al. Warburg effect in malign
thyroid tissue evidenced using FTIR spectroscopy[J]. Spectrochim
Acta A Mol Biomol Spectrosc, 2025, 339: 126281.

[8] MATUSIAK A E, STEPNIAK J, LEWANDOWSKI K C, et al.
Central hypothyroidism with low TSH compared to normal TSH
is associated with more advanced pituitary disease and less
favorable metabolic profile[J]. Metabolites, 2025, 15(2): 125.

[9] GARCIA M, OLIVER PETIT I, FRANCHET C, et al. Atypical
thyroid manifestation in Cowden disease: a case report and
literature review[J]. Front Pediatr, 2025, 13: 1499664.

[10] ZHANG X X, JIANG M J, ZHU W, et al. Correlation between
ultrasound-based hepatic steatosis grade and thyroid hormone
levels[J]. Gland Surg, 2025, 14(4): 726-737.

[11] ok, §IBEE . FURIRSL DI BI O R i 5 4R
A2 S B R 5 5m BAHT (0], RS SRR, 2024, 33(11):
1825-1834.

[12] # B, WA, B, 55 . Zr LB HUIR I B8 A I T3 . T4,

- 109 -



e NS S

J

ik 536 4

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

TSH S48 b1 19 28 A0 1 08 4347 [J]. 52 RS 9E 24 3k, 2020, 35(5):
801-803.

T, 2P, B AR, S R R R R P TIRYT S 4 ~
6 Jil B (A 143 A2 A 43 AT (0], [ 55 R 2 22 4 (BE 22 ), 2022,
43(5): 666-672.

XIE Y, JIANG Y, WU Y, et al. Association of serum lipids and
abnormal lipid score with cancer risk: a population-based
prospective study[J]. J Endocrinol Invest, 2024, 47(2): 367-376.
XU R F, WEN W W, ZHANG Y N, et al. Diagnostic significance
of ultrasound characteristics in discriminating follicular thyroid
carcinoma from adenoma[J]. BMC Med Imaging, 2024, 24(1):
299.

KRIL, FRHE, Wi . A ML 2505 3L AR RN Ik AT 2R
J¢ 8 7 TI-RADS 73 2% 5 2 BF 5 [J]. 107 46 % 2, 2024, 30(5):
810-813.

RAE, B TME, FTE . 85 CT AR A CT (BT 734k L HUR
JIRTRE BRZ W B J S A LU E5 BRAR B AR OGP D], P ] CT A MRI
7%, 2025, 23(4): 49-52.

PIFHIR, A 15, AL, A5 AU K TR BRSR R e o R 7K
X 43 Ak B IR SRR T 52 00 [J]. b A P o i AR A AR
2021, 37(12): 1068-1074.

WS, BB, 85, 4. 2009-2019 4F VT3R5 il BT Hb X
PP R B9 4 s S R A8 AL RFAE 23 (0] 0 e, 2024,
33(12): 991-998.

EAKLL, A HURIRDIRELE 3 AT FT4 Fl TSH/K -5 7%
KARMBITE[T]. WIVLEE2%, 2025, 47(7): 744-747.

[21] Z=2L, Xl $71 . S Rt R AR O BEIBER AE fE JL TSHR Jk

[22]

(23]

[24]

[25]

P 588 e H 5 L3 FT4 /KT C R D). e BErRR 2 ek,
2024, 52(6): 976-979.
WA, AR, VIR . 2 BUME PR R LR £ 8 K
55 BRI A AU (14 96 AR 101, BARIRE BE 2%, 2020, 28(15):
2598-2601.
FKIE, A, Hl . BAEHDIRIE B FORATIL . IRFK-ES
AR S5 R B 5 6 RS I R DG PR [T, BRI 5 2%, 2021, 29(15):
2607-2611.
KAYHAN Y, AZIZOVA L, YILMAZ M, et al. Prognostic factors
for aggressiveness in subcentimeter papillary thyroid carcinoma:
impact of tumor size and lymph node metastases[J]. Arch
Endocrinol Metab, 2024, 68: €230422.
SUN X S, WEI Z C, LUO Y Q, et al. Exploration of the
evaluation value of combined magnetic resonance imaging and
ultrasound blood flow parameters in cervical lymph node
metastasis of thyroid cancer[J]. Cancer Manag Res, 2025, 17:
651-659.

(FEFH i)

AR5 AR KRR, AL, RSS2SR - AR S R
5 HUPR R P AR AR AR ) i A 225 1 KU U s e P 0], i L A

2026, 36(2): 104-110.

Cite this article as: ZHENG S M, LI H, QIAN H. Nomogram for

predicting high-risk thyroid nodules based on multimodal metabolic

and blood markers combined with ultrasound characteristics[J].
China Journal of Modern Medicine, 2026, 36(2): 104-110.

110 -



